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ing S-adenosyl homocysteine hydrolase from cells of a prokaryote, Alcaligenes,faeca[isis (Shimizu et al., 1984) . This enzyme catalyses hydrolysis of adenosyl-L-homocysteine to adenosine and homocysteine, as well as its reverse reaction.
We have focused our interest on the specificity of this enzyme, and attempted to determine the level of homocysteine in patients with homocystinuria by our newly developed method for quantifying homocysteine in body fluids. The procedures consist of the condensation of homocysteine in body fluids with adenosine, quantitative determination of the product, adenosyl homocysteine, by h.p.l.c., and calculation of the level of homocysteine based on the above determination.
The conditions for h.p.1.c. analysis on adenosyl homocysteine are described in a previous report (Shimizu et al. 1986) . Urine samples obtained from two clinical cases of homocystinuria were examined.
Case 1 was for a 15-year-old girl, who was being treated with vitamin B, and showed rather stabilized cljnical signs for several months (Fig. la) . Case 2 was a 1 I-year-old boy, who did not respond well to treatment with vitamin B, and showed large variations in the level of homocystine in his blood (Fig. Ib) .
The results of analyses of the urine and blood samples of the patients are summarized in Fig. 1 . They are shown as a percentage of the first day value. The direct method refers to the enzymic determination of homocystine without any pretreatment of urine samples, whereas the disc method refers to the enzymic determination of homocystineine in urine samples dried on a filter paper and extracted from the paper. Amino acid analysis was performed on aliquots of urine and blood without drying on paper.
The patterns of variation shown in Fig. 1 indicate that the difference in changeability of homocystine levels in urine and blood between cases 1 and 2 as determined by amino acid analysis are replicated by the results of simple enzymic analysis of the urine, either by the direct method or by the disc method. The enzymic disc method allows collection of samples for mass screening by post, and is much simpler and more rapid than the methods using radioisotopes (Refsum et al., 1985) or an amino acid analycer. (Gorog ct al., 1982) or the control of proliferation of smooth muscle cells (Nilsson et al., 1982) . We have examined the metab- Vol. 14 olism of NeuAc in endothelial and smooth muscle cells in culture in order to obtain insight into the possible significance of this negatively charged sugar in arterial wall cells.
Several enzymes which provide sugar precursors in the biosynthesis of NeuAc, UDP-GlcNAc-2-epimerase, ManNAc-kinase, NeuAc-9-phosphate synthetase and CMP-NeuAc synthetase, were investigated and characterized in confluent-cultured endothelial and smooth-muscle cells. Both cell types were isolated from porcine aortas as described previously (Vischer & Buddecke, 1985) . The cells were cultured in Dulbecco's Modified Eagle's Medium supplemented with 10% heat-inactivated foetal calf serum. Cells of the third to the sixth subculture were used for all experiments. The different enzyme activities were measured in total cell homogenates in the presence of the appropriate immediately after the preparation of the cell homogenate. The reaction was stopped by the addition of 70% (v/v) ethanol, and the radioactively labelled products separated by paper chromatography. The chromatograms were developed in propanol/l M-sodium acetatejwater (7 : 1 : 2, by vol). Protein-bound and free NeuAc and CMP-NeuAc were quantified using the isotope-dilution technique described by Harms et 01. (1973) . NeuAc was liberated from precipitated cell protein by hydrolysis with 0.1 M-H,SO, at 80°C for 1 h. After cooling and centrifugation, the hydrolysate was applied to a Dowex 1 x 8 formate column. NeuAc was eluted from the column with 1 M-formic acid. To estimate the content of CMP-NeuAc cells are harvested in 70% (v/v). Free NeuAc was destroyed with sodium borohydride and the content of the nucleotide sugar estimated by the thiobarbituric acid method (Warren, 1959) . UDP-N-acetylhexosamine was isolated and estimated by the method of Akamatsu et ul. (1976) .
We found that different enzymes necessary for the biosynthesis of NeuAc were present in both endothelial and smooth-muscle cells from the arterial wall. We measured large differences in the specific activities of the individual enzymes. The lowest activity was exhibited by NeuAc-9-synthetase, which had a specific activity of 1.5 nmol/h per mg of protein in endothelial cells. A twofold higher activity was found for UDP-GlcNAc-2-epimerase (2.9 nmol/h per mg of protein), whereas ManNAc-kinase showed a tenfold higher level (12.5 nmol/h per mg of protein). CMP-NeuAc synthetase exhibited the highest activity of all the enzymes evaluated (91.4 nmol/h per mg of protein). Smooth-muscle cells expressed slightly lower enzyme activities compared with those of endothelial cells (1.3 nmol/h per mg of protein for NeuAc-9-synthetase; 2.4 nmol per h/mg of protein for UDP-GlcNAc-2-epimerase; 9.3 nmol/h per mg of protein for ManNAc-kinase and 84.1 nmol/h per mg of protein for CMP-NeuAc-synthetase).
The regulation of NeuAc biosynthesis in vivo was studied by presenting the cells with different sugar precursors. Incubation of endothelial cells with 10 mM-ManNAc for 48 h increased the total amount of intracellular free NeuAc and CMP-NeuAc from about 3 to 3 5 4 5 nmol/mg of protein ( Fig. la) . At the same time, the synthesis of CMP-NeuAc increased only threefold from about 1 to 3.3nmol/mg of protein.
Under the same experimental conditions the presence of glucosamine led to marked increase from 21 to 118 nmol/mg of protein of the intracellular level of UDP-Nacetyl-hexosamines. However, no pronounced increase in total free and CMP-NeuAc was observed (Fig. Ih) . These results agree with those of Thomas rt al. (1985) on human fibroblasts, but contrast with observations made on liver tissue in which an increase in combined free and CMPNeuAc occurs (Harms et ul.. 1973) . Our findings indicate that in addition to the well-documented feedback inhibition of UDP-N-acetylglucosamine-2-epimerase by CMPNeuAc, under normal conditions the enzyme also limits the rate of conversion of UDP-N-glucosamine to ManNAc in endothelial cells. The measurement of protein-bound NeuAc revealed that smooth muscle cells contain markedly more of the negatively charged sugar (14.4 nmol/mg of protein) than endothelial cells (9.9 nmol/mg of protein). Both cell types exhibit levels of NeuAc that are two to three times higher than those reported recently for hepatocytes in culture (Phillips et d..
1985).
Experiments to elucidate a possible correlation between NeuAc metabolism and atherogenic risk factors are in progress.
